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Upper cervical spine
flexor muscles:
age related performance
in asymptomatic women
Isometric strength and endurance of the upper
cervical flexor muscles were assessed in 54
moderately active asymptomatic females, with
specific reference to anyage related differences.
Subjects, chosen from asample ofconvenience,
were categorised into three age groups, 20 -25,
40 - 45and 60 -65 years.
Strength (kiloponds (kp)) and endurance were
measured by subjects flexing their chin against
a metal bar to which strain gauges were
attached. Endurance (seconds) was measured
and defined as the time that subjects could hold
at least50percentofan in itiaImaximaIvoIuntary
contraction (MVG).
Normal values were established for the sample
population. Mean strength values forthethree
age groups, 20 - 25, 40 - 45 and 60 ~65 years
were 3.4,3.5 and 3.4kpand endurance values
were 65, 59 and 41 seconds respectively. There
wasnosignificant relationship between strength
and age or endurance and age.
[Barber A: Upper cervical spine flexor muscles:
age related performance in asymptomatic
women. Australian Journal of Physiotherapy
40: 167-172]
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hen observed in the clinical
setting, patients with neck pain
often assume a forward head
posture. This position places increased
stress on the soft tissues and joints of
the cervical spine (Harms-Ringdahl et
a11986, Schuldt 1988).
To ensure good postural alignment,
physical therapy often includes
measures to correct this faulty neck
posture by encouraging upper <cervical
flexianor the chin-tucked position.
This action involves the upper cervical
spine flexor muscles, namely the
longus capitis, rectllscapitis anterior
and rectus capitis lateralis (Williams
and Warwick 1980).
Anatomy
The upper cervical flexors are deep set
and anterior to the axis of sagittal
rotation of the head on the neck.
Rectus capitis anterior and lateralis
course from the atlas to the basilar and
jugular part of the occiput respectively.
Longus capitis attaches below to the
transverse processes of the third to
sixth cervical vertebrae and above to
the basilar part of the occiput
(Williams and Warwick 1980)
(Figure 1).
Their combined action is to restore
the head to the neutral position after it
has been moved backwards and, with
longus colli, help to maintain
alignment of the head on the vertebral
column. Bilateral contraction produces
upper cervical flexion or the chin-
tucked position (Williams and
Warwick 1980).
Current clinical tests for
the neck flexors
Janda (1983) describes an anti-gravity
test for the upper cervical flexors.
Strength is assessed as the subject's
ability to maintain a chin tucked
position in supine with the head lifted
clear of the supporting surface. A
similar test is advocated by Kendall and
McCreary (1983) with the addition of
manual resistance against the subject's
forehead.
There is some doubt as to whether
these tests adequately assess
performance of the upper cervical
flexors as the action ofsternomastoid
and longus colli is not eliminated.
Manual·muscle testing also introduces
the problem of subjectivity into the
assessment process. By controlling
head weight, the current study
attempted to isolate the performance
of the upper cervical flexors
objectively.
The effect ofageing on
skeletal muscle
Review of the literature on muscle
physiology indicates that isometric
muscle strength tends to decrease with
age but isometric endurance does not.
Studies involving hand grip
musculature (Petrofsky and Lind
1975a) and the quadriceps muscles
aohnson 1982, Larsson et al 1979,
Murray et al 1980, Murray et a11985)
~
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have consistently displayed a decrease
in strength, but not endurance,with
age.
Several mechanisms have been
postulated for the reduction of muscle
strength,with age. Muscle biopsy
studies have demonstrated a reduction
in individual fibre size (Aniansson et al
1984, Grimsbyetal 1982), a decrease
in total fibre number (Haggmark and
Eriksson 1979, Lexell et al 1983) and
changes in the relative proportions of
fast and slow twitch fibres with age.
Biopsystudies of the vastus lateralis
(Aniansson et al1984, Larsson et al
1978) revealed a selective ,decrease in
the number of fast twitch (Type II) but
not slow twitch fibres (Type I). This
relates well to the majority ofmuscle
performance experiments which have
recorded a decrease in strength, usually
associated with Type II fibres, but not
endurance, with age. In view of these
experimental findings, the maintenance
of muscle endurance with age is not
surprising. The relative proportion of
slow twitch' fibres actually increased
with age in these studies and it is these
Type I fibres that are 'linked with
endurance type contractions. However,
these biopsy experiments cannot be
assumed to be truly representative of
all body areas. To date, ,no sucri
analysis has been performed ,on
cervical musculature to verify similar
age related changes.
Another factor possibly instrumental
ina loss ofmuscle strength with age,is
d~creasedefficieney in peripheral and
central neuronal synaptic mechanisms.
This involves an effective reduction of
motor end plate areas and the potential
for acetylcholine storage (Gutmann
and Hanzlikova 1965, ada 1984).
A progressive loss ofmotoneurons
with age has been demonstrated,in
humans (Carlsonetal 1964,
Tomlinson and Irving 1977). This loss
decreases the capacity to activate
motoneuron pools so that less force is
generated in any given contraction.
Fulton (1989) was the first to isolate
the performance of the upper cervical
flexor muscles experimentally. He
tested for age related differences i11
isometric strength and endurance of
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Figure 1.
Anterior view of the uppercerival flexor
muscles (adapted from Hamilton 1976).
1GO male subjects using a plinth to
which a metal chin bar and strain
gauges were attached. The age groups
chosen were 20 - 34,35 - 44, 45- 54
and 55 - 64 years. He found·no
significant differences in strength or
endurance amongst the four age
groups. The age ranges used in
Fulton's (1989) study may have heen
too broad to detect any true age related
differences.
Fulton's results were skewed because
ofvery high strength measurements
obtained from three subjects. Two
we.remarathon runners, the other a
manual labourer and thus they may
have introduced a potential for bias as
a result of the habitual physical activity
levels ofsubjects.
Habitual physical activity level is one
variable not considered in subject
selection for .many age related studies
and its effect may confound
experimental results. Relative
inactivity, rather than the ageing
process itself,may be a significant
factor in causing the changes in muscle
performance recorded in older
subjects. Experimental immobilisation
of limbs or bed rest in young subjects
has been found to cause a significant
reduction in muscle strength of most
muscle groups (Muller 1970). These
changes are of the same magnitude as
those seen in the elderly.
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A study ofisometric hand grip muscle
performance (Petrofsky and Lind
197Sb) found no difference in strength
or endurance between younger and
older subjects ranging from 22-62
years. The subjects were all employees
in a machine shop for aJarge aircraft
corporation. The homogeneity of their
occupations, and therefore the
maintenance of similar activity levels in
the older subjects, might well have
explained why strength did not
decrease with age.
Watson (1991) studied natural head
posture and upper cervical flexor
muscle performance in 30 females
(aged 25-40) complaining ofcervical
headache. When.compared with a
control group of3oasymptomatic
females, the headache group displayed
a significantly greater tendency
towards a forward head posture .. and
scored lower upper cervical flexor
muscle strength and endurance values.
There also was an inverse correlation
between the degree of forward head
posture and isometric endurance, but
not strength, for the total sample
population of 60. Watson's (1991)
results give some preliminary support
to thecHnical observation (Jull1988,
Trott 1988) ofan association between
cervical dysfunction, forward head
posture and weakness of the upper
cervical flexors.
An earlier study (Foust et al1973) of
age related changes in isometric
strength of the gross neck flexors
(sternomastoid, longus colli) was
performed in three groups of male
subjects (18-24, 35-44 and 62-74
years). There was little difference
between the first and second group but
a mean strength reduction of 25 per
cent in the older age group was
recorded.
Clinical observation suggests that
weakness of the upper cervical flexors
and forward head posture are
commonly associated with cervical
dysfunction Ganda 1988, Jull 1988,
Trott 1988). Establishing normative
data for this muscle group is one step
towards substantiating these claims. As
part ofestablishing such.data, the
current study assessed three.age groups
ofmoderately active asymptomatic
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females" The aims ofthe study were:
(i) to determine the values of upper
cervical flexor muscle strength
(ii) to determine if the values of upper
cervical flexor muscle strength
were age related
(iii) to determine the values of upper
cervical flexor muscle endurance
(iv) to determine if the values of upper
cervical flexor muscle endurance
were age related"
Method
Subjects
Fifty-four moderately active female
volunteers,aged between 2oand 65 ,
were included in the study" The
subjects, drawn from .a sample of
convenience, were participants in
fitness and leisure classes in a local
health centre" Eighteen subjects were
assigned to each of three age groups,
20-25, 40-45 and 60-65 years"
Subjects were classified as being
moderately active if they scored
between 4.2 and 10.6 on a physical
activity questionnaire designed by
Baeckeet al (1983). These limits were
chosen arbitrarily and were equivalent
to two standard deviations above and
below the group's mean physical
activity rating of 7.4.
Subjects were excluded if they were
not considered to be in the category of
moderately active or if they suffered
any condition that might affect the
performance of the upper cervical
flexor muscles (eg regular headaches,
neck pain over the last 12 months
which had required treatment,
systemic arthritides).
Instrumentation
Subject testing was performed on the
same equipment as that used by Fulton
(1989). The apparatus was designed by
Dean Watson (an Adelaide based
manipulative physiotherapist) and
Phillip Walker (Senior Technical
Officer- University of South
Australia). Designed specifically to
isolate performance of the upper
cervical flexors, it consisted of an
upholstered metal plinth with a hinged
head section. A metal chin bar was
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attached to the plinth via a .collar
clamp and welded toa steel pole
(Figure 2). Contraction force was
detected by.strain gauges attached to
the chin bar. A light emission diode
under the hinged head section
monitored subject head weight on the
plinth during testing. Strength and
head weight readings were taken from
a strip chart recorder connected to the
strain gauges and light emission diode.
A woqden stool mounted on particle
board and a rolled up towel were used
to help position the subject's legs and
trunk during testing.
Reliability
The reliability of the test equipment
was established by Fulton (1989) in
measuring standard metric weights. It
was found to be accurate to within
100g.
Only one examiner performed the
test measurements in the current
project. Intra-examiner reliability for
measurement was considered
acceptable, with a correlation
coefficient for strength r =0.93 and
endurance r =·0.98. Intra...examiner
reliability was established by testing
eight subjects on two occasions with a
lapse of 48 hours between sessions.
Experimental procedure
Subjects completed the questionnaire
to determine suitability for the study
(Baecke et a11983) and the test
procedure was explained. Subjects were
then positioned in supine on the
plinth. Their hips and knees were
flexed to 90 degrees and placed on the
wooden stool. A small rolled up towel
was placed under the sacrum to flatten
the lumbar lordosis. These measures
were designed to prevent subjects from
stabilising with their legs or pelvis on
the plinth and pulling the trunk
caudally during test contractions.
Subjects' arms were folded across the
chest holding the opposite shoulder.
This .prevented them from pushing
into the plinth with the shoulder girdle
to reinforce the test contraction
(Figure 2).
The neck and chin bar were then
positioned so that upper cervical
flexion or the chin-tuck manoeuvre
could be performed from a position of
comfort (ie approximating neutral
upper cervical flexion/extension).
Subjects were instructed to push their
chin down against the bar by tucking
the chin towards the throat, ie upper
cervical flexion. They were directed to
maintain a constant head weight on the
plinth. This reduced the activity of the
long neck flexors in reinforcing the
contraction. Initially, subjects were
allowed three sub-maximal trial
contractions to fanriliarise themselves
with the equipment.
Muscle strength testi ng
Subjects were instructed to push their
chin down against the bar as hard as
they could and then·to relax in a
smooth movement. They performed
three maximum voluntary contractions
(MVC) with a 30 second rest between
each attempt. Strength (kp) was .
assessed as the best of the three MVCs.
Readings were then taken from the
chart recorder.
Muscle endurance testing
There was a 30 second rest period
between strength and endurance
testing. Endurance (seconds) was
measured arbitrarily as the time that
subjects could hold at least 50 per cent
of the maximal force that could be
produced at the start of the endurance
contraction. Subjects were instructed
to push their chin down against the bar
as hard as they could and to hold the
contraction.for as long as possible. The
examiner monitored contraction force
and head weight on the chart recorder.
Verbal feedback at normal
conversational volume was given
during testing to keep the head weight
even on the plinth and to maintain an
MVC. The endurance test was stopped
when the contraction dropped to
below 50 per cent of initial MVC
force.
Results
Strength
The mean and standard deviation
values for the three age groups are
presented in Table 1. The mean
Figure 2.
Equipment and subjecttestpositiol1 on the plinth.
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strength for the total sample
population was 3.4kp.Values·ranged
from 1.6 to 5.3kp.
Statistical analysis confirmed. the
similarity in.strength values among the
three age groups. Analysis ofvariance
demonstrated no significant difference
between the three categories
(F253 =0.12,p> O.05). These results
indicate that there was no decrease in
upper cervical flexor muscle strength
with age.
Endurance
The mean and. standard deviation of
endurance values for the three age
groups are also listed in Table 1~
Mean endurance for the total sample
population was 56 seconds~ Values
ranged considerably from 11 to 306
seconds~
As endurance values were not
normally distributed, the log of
endurance values was used in the
statistical analysis to correct for
skewing of data distribution~ Analysis
of variance revealed no significant
difference in.endurance between the
three age groups (F2 53 =0.94, p>O.05)~
In addition,non--parametric statistical
analysis was performed on the basis
that the data were not normally
distributed. A Kruskall Wallis Chi
square test found no difference in
endurance between the three age
groups (x2 = 1.35, P>0.05).
Discussion
Relationship between
strength and age
Isometric strength of the upper
cervical flexor muscles did not decrease
with age. This result was unexpected,
as it is inconsistent with the results of
several other muscle performance
experiments (Foust et al 1973 , Johnson
1982, Murray et a11980, Murray et al
1985). Fulton (1989) recorded a
significant decrease in strength of the
upper cervical flexors in males of the
55-64 year age group when the results
of three outlying values were omitted
from statistical analysis. It was thought
that by using moderately active
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subjects of similar habitual physical
activity levels, any differences in
strength due to the ageing process
would be better highlighted~ Instead,
selection of a relatively fit group of
older subjects may have emphasised
the importance of activity in
maintaining muscle performance as
people get older (Muller 1970,
Petrofsky and Lind 1975a). Perhaps
the assumption by researchers that
changes in structure and function of
the neuromuscular system namrally
occur with age .should not be accepted
without question. Muscle biopsy and
performance studies involving
physically active elderly subjects would
need to be undertaken to clarify this
Issue.
In all age groups, there was
considerable variation in strength
values. Such variability in
measurements is consistent with the
work of Foust etal (1973) and
Pettofskyand Phillips (1982) who
recorded large standard deviations for
muscle strength of the gross neck
flexors. Fulton's (1989) subject
population recorded strength values of
the upper cervical flexors that ranged
from 1.8kp to 9.0kp.
Clinically, therefore, it may be
difficult to determine the presence of
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significant weakness of the upper
cervical flexors when such a large range
of values is evident in asymptomatic
populations. Such disparity also makes
it difficult to isolate age related
differences.
Relationship between
endurance and age
Endurance of the upper cervical flexor
muscles in the sample population was
also not age related. Several other
muscle analysis experiments have
recorded similar findings in hand grip
musculature (Aniansson et a11978,
Petrofsky and Lind 1975a), the
quadriceps (Johnson 1982, Murrayet
al1980,Murray et al1985) and the
upper cervical flexors (Fulton 1989).
It has been postulated that the
stability of muscle endurance in the
elderly is related to the finding that the
number ofType I fibres and their
metabolic efficiency does not alter
significantly with age (Aniansson et al
1984, Larsson etaI1978). Although
care must he taken in analysing data
from a limited sample population, the
results of the current study suggest that
the performance of the upper cervical
flexors does not diminish with age, at
least in females who maintain an active
lifestyle.
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Conclusion
The results relate to a sample of
convenience involving 54 moderately
active women and cannot be
considered to be representative of the
population at large.
The current study established
normative data for the performance of
the upper cervical flexor muscles in a
group of moderately active
asymptomatic females. Establishing
such data is a preliminary step towards
investigating claims of an association
between weakness of the upper cervical
flexors and cervical dysfunction.
Values of upper cervical flexor
strength and endurance were
determined for the sample population.
Neither strength nor endurance were
found to be age related. The
equipment used in the study is a
positive step towards objectivity in the
measurement of upper cervical flexor
muscle performance.
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